Lateral inhomogeneities and termination in ultrathin block copolymer films
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INTRODUCTION

Linear chain-like molecules consisting of blocks of chemically different components (so-called
block-copolymers) in many cases form long-range ordered supramolecular structures. The rea-
son for this behavior is the interplay between phase separation of the different components and
the molecular unity in the single molecules. The size of the forming structures depends on the
size of the molecules and ranges from about 10 to 100 nm. This is usually called “microphase
separation” or “micro domain formation”. Due to the differences in the surface free energy of the
polymers the structure of the micro domains of the surfaces and interfaces can be manipulated.
Whereas the structure and morphology of diblock copolymers has been intensely investigated,
the investigation of more complex structures (multiblock copolymers, graft polymers, star-like
copolymers, etc.) has started only recently.

Recent investigations demonstrate more complex surface and thin film morphologies [1-3]. E.g.,
an ABC-triblock copolymer consisting of polystyrene (PS), polybutadiene (PB) and polymeth-
ylmethacrylate (PMMA), which forms lamellar-like structures in bulk, forms lateral structures at
the surface, since the PB-center block (PB) has the lowest surface free energy [4]. To investigate
these structures, microscopic techniques with none or only limited spectral sensitivity have been
employed so far (atomic force microscopy, scanning electron microscopy, transmission electron
microscopy). Although these techniques offer a limited potential to distinguish the polymer
blocks, a definite and unambiguous attribution of the respective polymer subunits is still lacking.

EXPERIMENTS

We have used the unprecedented opportunities of high brilliance synchrotron radiation at the
Advanced Light Source in particular the installed microspectroscopes (PEEM2 at BL 7.3.1.1 and
STXM at BL 7.0.1) to investigate the stoichiometric inhomogeneities in those films within the
bulk (STXM) and in the surface-near region (PEEM). Our preliminary experiments have explic-
itely demonstrated the usefulness of these microspectroscopic techniques.

Fig. 1 shows a STXM image of a thin film consisting of a PS-PB-PMMA triblock copolymer
(floated on a 100 nm thick Si;N4 membrane) recorded at a photon energy of 293 eV (image size:
60 x 60 pum?). The lower image shows a cross section along the red bar clearly indicating the
distinct film thicknesses in the sample. This finding is in accordance with the lamellar structure
which is formed in bulk of those materials. Brighter spots give a clear indication of an additional
lateral fine structure within the homogenous areas. The structures in the upper left corner of Fig.
1 are due to partial dewetting of single terraces.

Fig. 2 shows two XPEEM images recorded at the positive and negative slope of the prominent
n*-resonance (hv = 286.5 eV) reflecting a distinct contrast reversal which ist due to the different
termination of the various terraces, i.e. in one case the terrace consists mainly of the PS species
whereas in the other areas PMMA is the prominent species. Images recorded at the O K-edge



allow much higher magnification due to the higher photon
flux and thus allow direct imaging of the lateral patterning,
which is dominated by the dewetting of the organic film.
The finding of differently terminated areas is fully consistent
with previous indirect conclusions drawn from AFM data
and thus represents a direct spectroscopic proof.

In both cases, PEEM and STXM, the microdomain forma-
tion within a terrace with periodicities on the order of up to
several 10 nm can at present not be resolved. XPEEM of
soft matter films at present is limited to lateral resolutions of
about 100 nm and, in addition, may lead to misinterpreta-
tions of the spectroscopic data since the high photon flux
densities lead to fast degradation/fragmentation of the or-
ganic molecules or even conversion into graphite. STXM
partly overcomes the latter restriction since the illumination
time is significantly shorter. Much higher transmission (by a
factor 100 to 1000 at comparable magnification) of the electron optics in an aberration-corrected
XPEEM (like, e.g., at PEEM3 or SMART) will improve spectroscopic imaging of surfaces of
soft matter films.

Fig.1: STXM image of a PS-PB-
PMMA-triblock copolymerfilm.
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Fig. 2: PEEM images of a PS-PB-PMMA triblock copolymer film indicating the spectroscopic contrast (contrast
reversal in the XPEEM images by 0.3 eV photon energy variation). Left and center: excitation at the C K-edge;
right:excitation at the O K-edge at higher magnification.Note, that the surface has been plasma-etched to remove
the top PB layer.
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